A prospective study in 35 osteoporotic patients with 120 multiple-level vertebral compression fractures (VCFs) assessed the use of magnetic resonance imaging (MRI) to determine painful vertebrae for treatment with kyphoplasty (KP). A total of 51 vertebrae were identified as painful and selected for KP based on changes in MRI signal intensity between T1-weighted, T2-weighted and short tau inversion recovery MRI. Efficacy was assessed by the mean change in anterior/middle vertebral body height, Cobb's angle, a visual analogue pain scale and the Oswestry Disability Index at pre-operative, postoperative and final follow-up assessments. Significant improvements in all efficacy measures were observed at the postoperative versus pre-operative assessments; no significant differences were observed between post-operative and final follow-up assessments. It is concluded that painful vertebrae can be determined by MRI signal intensity changes and their selection for KP can improve outcomes in patients with multiple-level VCFs.
Introduction
Osteoporotic vertebral compression fractures (VCFs) are a common clinical problem, particularly as the median age of the general population continues to rise, and they are thought to be a sentinel sign of failing health in elderly patients. 1 With the development of minimally invasive spinal surgery procedures, an increasing number of patients with osteoporotic VCFs who are refractory to conservative therapy, such as bed rest and analgesics, are being treated using vertebroplasty (VP) or kyphoplasty (KP). 2 -5 Multiple-level VCFs may also be treated with VP or KP, however there is no consensus on whether to select all vertebral fractures, or only painful vertebrae; currently there is a general tendency to perform multiple-level stabilization. 6 -8 On the other hand, it has H-L Yang, G-L Wang, G-Q Niu et al. MRI to determine painful vertebrae in multiple-level VCFs been suggested that only painful vertebrae need be treated using VP or KP, and that non-painful fractured vertebrae need not be treated. 2, 4 If, however, painful vertebrae are incorrectly selected there is a high-risk of unsatisfactory post-operative outcomes.
In clinical practice, some patients with multiple-level VCFs show no clinical symptoms and, in these patients, there is no difference in magnetic resonance imaging (MRI) signal intensity between T1-weighted MRI (T1WI), T2-weighted MRI (T2WI) and short tau inversion recovery MRI (STIR). In contrast, clear changes in MRI signal intensity have been observed in patients with confirmed VCFs who also suffer from back pain. 9 The aim of the present study was to determine the use MRI in identifying preoperatively painful vertebrae in patients with multiple-level osteoporotic VCFs and to explore the efficacy of selectively performing KP only on painful vertebrae in these patients.
Patients and methods

PATIENTS AND STUDY DESIGN
This prospective study, carried out from October 2002 to June 2005, included patients who had been diagnosed with osteoporosis, with confirmed multiple-level VCFs, backache or lumbodorsal pain without nerve lesion, and a history of gentle spinal trauma (defined as not causing vertebrae fracture in a person without osteoporosis) or no previous trauma history. Patients considered unable to tolerate the surgical procedure were excluded from the study. Osteoporosis was verified preoperatively in all patients by dual-energy X-ray absorptiometry (DEXA).
The study was approved by Soochow University Ethics Committee and all patients provided both written and verbal informed consent for participation.
DETERMINATION OF PAINFUL VERTEBRAE
Painful vertebrae in each patient were identified pre-operatively by MRI as those that showed low signal intensity on T1WI, and high signal intensity on T2WI and STIR. Standard X-ray radiographs were taken to verify wedge-shaped changes, compression fracture or crush fracture of the vertebrae, however only those fractured vertebrae that showed signal intensity changes on T1WI, T2WI and STIR were regarded as painful vertebrae and were selected for treatment using balloon KP.
SURGICAL TECHNIQUES
Balloon KP for painful vertebrae was performed on patients with multiple-level osteoporotic VCFs according to the reported literature 10 under general anaesthesia. Carm X-ray fluoroscopy was used throughout to guide the procedure. After incision of the skin, an 11-gauge Jamshidi needle was placed percutaneously into the posterior vertebral body through either a transpedicular or extrapedicular approach. Biopsy needles were exchanged over a guide wire for a working cannula. KyphX ® Inflatable Bone Tamps (IBTs) (Kyphon Inc., Sunnyvale, CA, USA) were placed bilaterally into the vertebral body through a working cannula. They were then inflated under fluoroscopic guidance and manometric parameters. Inflation continued until either the vertebral body height was restored, the IBT touched a vertebral body cortical wall, the IBT reached 100 -280 lb/inch 2 , or the maximal balloon volume was reached. The IBT was then withdrawn and polymethylmethacrylate (PMMA) cement was placed into the cavity within the fractured vertebral body.
EFFICACY ASSESSMENTS
Efficacy was assessed at pre-operative, post-MRI to determine painful vertebrae in multiple-level VCFs operative and final follow-up assessments following KP. The assessments included anterior and middle vertebral body height, Cobb's angle, pain measured on a visual analogue scale (VAS) of 1 -10 (1, no pain; 10, worst possible pain) and the Oswestry Disability Index (ODI). 11
STATISTICAL ANALYSIS
Mean change in efficacy outcomes, including anterior and middle vertebral body height, Cobb's angle, pain (VAS), and ODI, between the pre-operative and immediate post-operative assessments, and between the immediate post-operative and final follow-up assessments were analysed using SAS ® software version 8.0 (SAS ® Inc., Cary, NC, USA). Paired sample t-tests were performed, with a P-value of < 0.05 considered to be statistically significant.
Results
PATIENTS
A total of 35 patients (nine males; 26 females) with multiple-level osteoporotic VCFs met the criteria for inclusion in the study to receive balloon KP for painful vertebrae. Their mean age was 68.1 years (range 37 -82 years).
All patients had backache or lumbodorsal pain without nerve lesion. There was no trauma history in 20 cases and a history of gentle trauma in 15 cases. The mean duration from initiation of lumbodorsal pain to surgery was 3.5 months (range 2 months -5 years). Mean bone density measured by DEXA of lumbar vertebrae prior to surgery was 0.652 g/cm 2 . Pre-operative radiographs and MRI scans showed a total of 120 vertebral fractures across all patients, the mean number of VCFs per case being 3.4 (3 -7 vertebrae). The KP procedure was carried out using a transpedicular approach in 31 patients (46 VCFs) and an extrapedicular approach in four patients (five VCFs).
Of the 35 patients who received balloon KP, four were lost to follow-up, hence 31 patients were followed up for a mean of 16.2 months (range 6 -44 months).
DETECTION OF PAINFUL VERTEBRAE
Low signal intensity on T1WI and high signal intensity on T2WI and STIR occurred for 47 vertebrae (32 patients); two of these vertebrae (two patients) did not have obvious wedged-shaped changes but did show MRI signal changes. Four vertebrae (three patients) showed medium/high signal intensity on T1WI and T2WI without signal changes, but had high signal intensity on STIR. Thus, based on MRI signal intensity changes, 51 of the 120 VCFs were considered painful and were selected for KP. The distribution of painful vertebrae was: one level in T5 -T8, respectively; two levels in T9 -T10, respectively; five in T11; nine in T12; 14 in L1; eight in L2; two in L3; four in L4; and one in L5. Patients who had one painful vertebra (n = 21), or who had two painful levels (n = 12) or three painful levels (n = 2) were treated by balloon KP.
Examples of pre-and post-operative MRIs for two patients with multiple-level VCFs are shown in Figs 1 and 2.
SURGICAL AND EFFICACY OUTCOMES
All patients tolerated the KP procedure well and experienced immediate post-operative relief of their back pain and were able to walk/ambulate 2 -3 days after the operation. In three of the 51 vertebrae that were operated on there was asymptomatic extravasation of cement.
Statistically significant improvements in the mean post-operative anterior and middle vertebral body heights were observed MRI to determine painful vertebrae in multiple-level VCFs compared with pre-operative values (Table 1 ; P < 0.01). There was also statistically significant improvement in the mean values for Cobb's angle, pain (VAS) and the ODI at the immediate post-operative assessment compared with the pre-operative assessment 16.3 ± 9.5 8.8 ± 6.1** 8.9 ± 5.9 a Pain (1 -10 visual analogue scale) 8.7 ± 3.1 2.4 ± 2.1** 2.1 ± 1.7 a Oswestry Disability Index 39.5 ± 7.9 9.5 ± 5.6** 8.1 ± 3.9 a **P < 0.01 versus the pre-operative assessment. a Not significantly different (P > 0.05) between the final and immediate post-operative assessments. T11   T12   T11   T12   L2   T11   T12   L2 L2 MRI to determine painful vertebrae in multiple-level VCFs (Table 1 ; P < 0.01). There were no statistically significant differences between the postoperative and final follow-up assessment in any of the evaluated efficacy measures (Table 1) . One patient in the study, who had T6 and T7 VCFs prior to KP, experienced a fracture at the T10 site 2 years following the initial surgery. A follow-up KP procedure was performed on this patient and the symptoms resolved.
Discussion
In this study, changes in MRI signal intensity between T1W1, T2W1 and STIR were used to identify painful vertebrae in osteoporotic patients with multiple-level VCFs for selective treatment with KP. Following surgery to treat these painful vertebrae, patients experienced significant improvements in mean clinical efficacy parameters, including pain, at the immediate post-operative assessment compared with pre-operatively. This improvement was maintained and no significant differences were noted between the immediate post-operative assessment and the final follow-up assessment.
VCFs are the most common fractures in osteoporosis and may occur under gentle trauma or without obvious injury. If patients have one or more vertebral fractures the baseline risk of a secondary fracture within one year ranges from 24.1 to 44%. 12 -15 In recent years, minimally invasive spinal procedures such as KP and VP have been introduced to treat VCFs and have proved effective in treating patients' clinical symptoms. 16 -18 There is currently, however, no consensus on whether to select all fractures or only painful fractures for surgery in patients with multiple-level VCFs. There is although other reports suggest that only painful osteoporotic or traumatic VCFs need to be treated by VP or KP. 2,4 Additionally, PMMA-associated toxicity may be increased when VP or KP are performed on multiple levels, and stabilizing multiple vertebrae (more than three levels) can increase the rate of pulmonary complications from bone marrow embolism or cement extravasation 7 . Aebli et al. 6 also found that potential cardiovascular complications occurred during VP of four levels in an experimental study in sheep, regardless of PMMA or bone wax. There is, therefore, an argument for reducing the number of multiple-level VCFs treated with VP or KP by only operating on painful vertebral fractures. In the present study, where only painful VCFs were treated by balloon KP, patients experienced significant improvement in efficacy measures. This may indicate that there is no association between clinical efficacy and the number of operative levels and that, for patients with multiple-level VCFs, the key to improving clinical symptoms is selection and treatment of painful vertebral fractures. However, limitations of this study were the small sample size and the lack of a control group of patients receiving KP treatment for all VCFs. A larger randomized, controlled study may be merited to explore this further.
Not every vertebral fracture is a source of pain or necessitates surgery. Pain is caused by subtle mobility of a vertebral fracture, 19 and pain will disappear only if the fractures are filled with cement and stabilized. Being able to determine which vertebral fractures are associated with mobility might be key to the success or failure of treatment. MRI can play a major role in judging the extent of vertebral fracture healing and whether or not to select vertebrae for surgery. 20 For example, vertebral fractures with subtle mobility exhibit bone marrow oedema and bleeding, which may show up as low signal intensity on T1WI, and as high signal intensity on T2WI and STIR. On the other hand, vertebrae in older patients contain more fat and, as a result, VCFs may show middle/high signal intensity on T1WI and T2WI without signal changes. In these cases, it is necessary to include a STIR scan to adjust for the fat signal: high signal intensity on STIR indicates vertebral oedema in VCFs and potentially painful vertebrae. In the present study, four VCFs showed medium/high signal intensity on T1WI and T2WI without signal changes but had high signal intensity on STIR. These VCFs were judged to be painful and were selected for treatment; they showed subsequent significant clinical improvement. MRIs that show no changes on T1WI, T2WI and STIR, even if wedge-shaped changes are evident on X-ray, indicate vertebral fracture healing and stabilization; i.e. non-painful levels that do not require surgery. In contrast, even if VCFs do not have obvious wedge-shaped changes on X-ray, if the MRIs show changes on different series then VCFs can be diagnosed as painful and are eligible for KP. In the present study, two VCFs did not have obvious wedged-shaped change but did show MRI signal changes. These two VCFs were identified as painful and were treated by KP with subsequent significant clinical improvement.
It remains unclear whether adjacent vertebral body fractures are related to the natural progression of osteoporosis, 21, 22 whether or not the risk of fracture in adjacent levels increases after VP or KP, or if the fractures are a consequence of augmentation with bone cement. 23 8, 21, 26 although it is unclear whether this is necessary or beneficial. In a prospective study, Becker et al. 27 found that there was no difference in the re-fracture rate between monosegmental and prophylactic groups, and there was no indication for prophylactic stabilization of adjacent segments with balloon KP. Villarraga et al. 28 demonstrated biomechanically that subsequent adjacent level fractures may be related to the underlying aetiology (weakening of the bone) rather than the surgical intervention. Although bone filling cement may alter the biomechanics of vertebrae, cement stiffness has only a very small influence on adjacent vertebral bodies following VP or KP due to the intervertebral discs. 3, 29, 30 In the present study, only one patient had a subsequent vertebral fracture 2 years following KP and no correlation was found between this and the initial surgery. A successful follow-up KP procedure was performed and the symptoms resolved, therefore we do not advocate prophylactic procedures.
In conclusion, the present study suggests that painful vertebra in osteoporotic patients with multiple-level VCFs may be determined by signal intensity changes on MRI as a method for selecting painful vertebrae for surgical treatment using KP. Selection and treatment of only painful vertebrae resulted in significant improvement in post-operative efficacy, including pain. Further analyses in a larger, prospective, randomized, controlled study are needed to verify these findings.
